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OBJECTIVES 

1.  Identify  the  basic  processes  involved  in  the  initialization  of  the  operating  mode  for  crossed-field  devices. 

2.  Identify /describe  the  electron  sheath  modifications  produced  upon  device  activation. 

3.  Identify  the  various  nonlinear  operating  modes  of  the  device. 

RESULTS  OF  RESEARCH 

The  above  objectives  have  been  achieved.  We  have  determined  that  we  do  have  a  means  of  estimating  the 
operating  regime  of  crossed-field  devices.  In  published  papers,  we  have  demonstrated  that  one  may  model  the 
plasma  inside  a  magnetron  or  a  crossed-field  amplifier  (CEA)  with  two  modes;  a  DC  stationary  background, 
and  an  oscillating  RF  mode.  Initially,  in  the  absence  of  any  RF  mode,  the  device  may  be  in  a  quiescent 
state,  (if  such  would  be  stable)  with  the  plasma  in  a  classical  Brillouin  flow.  As  the  ItF  wave  is  injected 
into  the  slow-wave  structme  (for  a  CPA)  or  grows  from  the  background  noise  (for  a  magnetron),  nothing 
significantly  happens  unless  there  is  a  wave-particle  (diocotron)  interaction  at  the  edge  of  the  Brillouin 
sheath.  In  this  interaction,  the  drifting  electrons  move  with  the  phase  velocity  of  the  RF  wave  in  the  slow- 
wave  structure.  Consequently,  these  electrons  will  be  continually  accelerated,  causing  them  to  readjust  their 
positions  and  undergo  a  nonlinear  diffusion,  until  a  new  background  equilibrium  is  achieved  between  the 
propagating  RF  wave  and  the  drifting  electrons.  This  new  equilibrium  has  a  nonBrillouin  density  profile, 
and  is  called  a  stationary  operating  density  profile.  These  density  profiles  are  typically  nonzero  thoughout 
the  region  between  the  cathode  and  anode,  have  a  negative  density  gradient,  and  must  be  nonzero  at  the 
anode.  (The  latter  is  our  latest  result,  and  a  publication  is  in  preparation  on  the  description  of  this  result.) 
The  nonzero  value  of  the  plasma  density  at  the  anode,  Noay  is  determined  by  the  intensity  of  the  RF  field 
in  the  slow- wave  structure.  As  the  RF  field  propagates  down  the  slow- wave  structure  and  grows,  it  drives 
the  the  value  of  Noa^  If  the  RF  field  intensity  becomes  too  large,  then  iVoa  is  driven  to  become  too  large, 
and  a  period-doubling  instability  can  result.  There  are  also  other  possible  instabilities  that  may  result. 
Further  work  will  be  required  to  detail  them  and  how  they  may  possibly  relate  to  known  device  operating 
characteristics. 

We  have  also  demonstrated  why  such  devices  usually  do  not  operate  more  than  about  20%  above  the 
Hartree  voltage.  The  reason  is  that  above  this  limit,  the  parametric  interactions  start  to  produce  broad¬ 
band  subharmonic  modes,  which  could  then  take  over  and  dominate  the  device.  In  the  process  of  obtaining 
these  results,  we  also  have  obtained  comprehensive  diagrams  and  plots  of  the  dispersion  characteristics  and 
parametric  interactions  in  various  parameter  regimes.  These  are  still  to  be  sorted  through  and  studied  for 
additional  implications. 

One  important  consideration  for  relativistic  devices,  is  that  we  have  consistently  observed  that  if  any 
cyclotron  resonances  occur  inside  the  plasma,  the  growth  rate  virtually  vanishes.  This  suggests  that  one 
should  design  these  devices  so  that  neither  of  the  cyclotron  resonances  occur  inside  the  plasma  region. 
However,  to  design  for  this,  one  would  need  to  know  the  stationary  operating  density  profile  for  the  relativistic 
case.  In  this  direction,  we  have  obtained  the  model  equations  for  the  planar  model  of  the  relativistic  case, 
which  would  be  required  for  these  studies. 

We  have  also  done  important  work  on  three-wave  resonant  interactions,  dispersion  managed  solitons, 
gap  solitons,  second-harmonic  generation,  and  a  new  type  of  soliton  (embedded  soliton).  All  these  items 
contain  results  that  can  be  related  to  interactions  inside  a  crossed-field  device. 
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